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Page 1, line 27, after " a yhsert " clieap 
metKod for producing it from rela^ ** 

Page 2, lines 5—8, o/ier "the" del&te 
"butylene formed in the first stage 
is ddb.ydrogenated to butadiene and 
a separation unit -wherein the '* 
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similar to natural rubber. 

25 The amount of butadiene used iu 
urgranic* syntheses has heeii limited to a 
jrrenf exttM\t by the non-availability of a 
lively c-Jieaj) raw materialB. The most 
common method formerly used consisted 

30 of startinir with acetylene and carrying 
out various chemical reactions until buty- 
lene jriycol was obtained which was subse- 
quent! v (lehyd rated to butadiene. More 
recently butadiene has been obtained in 
commercial quantities in an operation 
which is economically feasible by the 
catalytic dehydrojrenation of normal 
butane. 

The deliydrof?enation of normal butane 
40 to butadiene involves the following; two 
reactions; : 

CjHi„ >^^B[« + H., 

C-,Kk — j-^^c^Fo + h: 

In view of the equations given above, it 
45 Would he expected that most efficient 
operation for the production of butadiene 
from butane would be a two-sta^re opera- 
tion ill whitrh butane was first converted to 
butyl ene and the butyl enc subsequently 
60 converted to butadiene in a separate reac- 
tion zone. The prior art, best exemplified 
IPrioe 2/-] 



from the reaction products of the first 
stage are further converted to butadiene in 
the second dehy<hogenation operation. 

The extent of the improvement obtained 
by the operation of this invention is 
clearly shown in the examples included 80 
hereinafter in this specification. 

Thus, the process according to the ])re- 
sent invention comprises introducing 
nomial butane into a fir.st dehydrogena- 
tion zone and therein catalytically de- 85 
hydrogenatino; only a portion of said 
normal butane to normal butyl ene, and 
butadiene, the yield of butadiene being 
from about 10 to about #30 volume per cent, 
of the normal butane charged, separating 90 
the normal butylene from' the resultant 
l>roduct.s. introducin^r the thus separated 
normal butylene into a second dehydro- 
genation zone and therein catalytically 
dehydrogenatiuu' normal butvlene to 95 
butadiene, and re<*overing butadiene 
formed in tlie first and second dehydro- 
genatiou zones. 

In eifect, the present invention utilizes 
three units vrhii-h are co{)i>eratively inter- 100 
related to one another. These units are a 
first stage deliydrogenation unit which 




..RESEflVe 

PATENT SPECIFICATION 



62S.686 

Conventlott Date (United States of America): Oct 19, 1943. 

Application Date (In United Kingdom): Aug. 19, 1947. No. 2296o/47. 
Complete Specification Accepted: Sept. 2, 1949. 

Under Rule 17 A of the Patents Rules 1939-47, the proviso to Section 91 (4) 
of the Patents and Designs Acts, 1907 to 1946, became operative on 
Aug. 19, 1947. 



Index at acceptance :- 



10 



15 



20 



25 



30 



35 



40 



46 



50 



-Class 2(iii), Blh. 

COMPLETE SPECIPICATIOW 
Production of Butadiene 



^'e, UmvEasAL Oil* Prodxtct? Com- 
PAKY, 1 c'orporation orgranized under the 
law-s of the State of Delaware, United 
States of America, of 310, South Michigan 
Avenue, Chicago, Illinois, United States 
of Ainerica, (Assignees of Chables 
(Jhuhcbcijcl Watson, a citizen of the 
United States of America, of 2408, Kendal 
Sti'eet, Madison 5, Wisconsin, United 
States of Amevioa), do herehy declare the 
nature of this invention and in what 
manner the same is to be performed, to 
he particularly describecl and ascertained 
in and by the following- statement: — 

This invention relates to the production 
of butadiene and is more specifically con- 
cerned with the catalytic dehydrogenatiou 
of normal butane to foim butadiene. 

Butadiene is extensively employed as 
the starting material in many organir* syn- 
tJieses and is of considerable value in the 
production of high molecular weight poly- 
mers having physical characteristics 
:>imilar to natural rubber. 

The amount of butadiene used in 
organic syntheses has been limited to a 
great extent by the non-availability of a 
iively cheap raw materials. The most 
common method formerly used consisted 
of startintr with acetylene and carrying 
out various chemical reactions until buty- 
lene glycol was obtained which was subse- 
quently dehydrated to butadiene.^ More 
recentlv butadiene has been obtained in 
commercial quantities in an operation 
which is economically feasible by the 
catalytic dehydrogenation of normal 
butane. 

The dehydrogenation of normal butane 
to butadiene involves the following two 
reactions : 

^0^13^9 -f- H2 

C,H« — ^O^Fe + H- 

In view of the equations given above, it 
would l>e expected that most efficient 
operation for the production of butadiene 
from butane would be a two-stage opera- 
tion in which butane was first converted to 
butylene and the butyl ene subsequently 
converted to butadiene in a separate reac- 
tion zone. The prior art, best exemplified 

IPriee 2/-] 
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by the United States patent No, 2,209,215, 
is primarily concerned with this type of 
operation. 

It is an object of the present invention 65 
to provide an improved process for the pro- 
duction of butadiene from butane in 
which the yield of butadiene and the de- 
gree of efficiency of the reaction that is 
obtained are decidedly superior to those 60 
obtained by the processes of the prior art. 

It is another object of the invention to 
provide a process which has increased 
flexibility and which can process satisfac- 
torily any type of butane-butylene charg- 65 
ing stock. 

It has been discovered that contrary to 
expectations, a more efficient operation 
wliich produces more butadiene per unit of 
butane charged mav be obtained by em- ■ 0 
ploying a two-.stage operation in which 
normal butane is converted to substantial 
quantities of butadiene and butylene in 
the first stage, and the butylenes separated 
from the reaction products of the first 
stage are further converted to butadiene in 
the second dehydrogenation operation. 

The extent of the improvement obtained 
by the operation of this invention is 
clearly shown in the examples included 80 
hereinafter in this specification. 

Thus, the process according to the pre- 
sent invention comprises introducing 
normal butane into a first dehydrogena- 
tion zone and therein catalytically de- 
hydrogenating only a portion of said 
normal butane to normal butylene . and 
butadiene, the yield of butadiene being 
from about 10 to about 30 volume per cent, 
of the normal butane charged, separating 90 
the normal butylene from the resultant 
products, introducing the thus separated 
normal butylene into a second dehydro- 
genation zone and therein catalytically 
dehydrogenatine^ normal but vl ene to 95 
butadiene, and recovering butadiene 
formed in the fii'st and second detyHro- 
genation zones. 

In effect, the present invention utilizes 
three units which are cooperatively inter- 100 
related to one another. These njoits are a 
first stage dehydrogenation unit which 
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produces butadiene and hutylene from 
normal butime, a second deiiydrogenation 
unit wliereiu the butylene formed in the 
first stage is dehydrogenated to butadiene 
5 and a separation unit wherein the buty- 
lene formed in the first stage is dehydro- 
genated to butadiene and a separation unit 
Avherein the reaction products from both 
the first and second dehydrogenation units 
10 are processed to separate the desired 
butadiene, the normal butane to be re- 
cycled to the first dehydrogenation unit, 
the butylene to be charged to the second 
dehydrogenation unit and the by-products 
15 such as isobutane and lower molecular 
weight Iiydrocarbons si'ch as methane, 
ethylene, ethane, propyfftne and propane, 
which are removed from the system. 
It has also been found that the cost of 
20 separatins^* the butadiene per unit of 
weight is dependent primarily on the 
quantity of butadiene being introduced 
into the separation unit. Increasing the 
concentration of butadiene entering said 
26 unit produces a pronounced decrease in 
the separation cost. The operation of the 
present invention takes full advantage of 
this decrease in sei^aration costs since both 
dehydrogenation steps are producing sub- 
30 stantial quantities of butadiene. 

The catalysts which may be employed 
in the dehydrogenation operations may 
comprise any of the well known dehydro- 
genation catalysts such as chrotaiium 
35 oxide, molybdenum oxide or vanadium 
oxide supported by alumina in either the 
powdered, granular or shaped forms such 
as pellets or spheres. It is usually desir- 
able when employing these catalysts to in- 
40 corporate a small amount of magnesia or 
zinc oxide in the composite to improve the 
thermal stability of these catalysts. The 
same catalysts may be used in each stage 
or different catalysts may be employed in 
45 each stup-e. Catalysts comprising a com- 
posite of a major proportion of alum- 
ina and minor proportions of barium 
oxide nnd potassium oxide or a com- 
posite of a major proportion of mag- 
50 nesia and minor proportions of iron 
oxide, noi^per oxide and potassium 
oxide are parti cidarly effective for the 
fonversioiv of butylene to butadiene, 
especially if superheated steam is intro- 
55 duced aloiiQ- with the charge to effect a 
lowering of the partial pressure of the 
butylene in tlie reaction zone. 

The invention is explained in more de- 
tail in connection witli the description of 
60 the accompanying drawing which illus- 
trates in a conventional diagrammatic 
fiow chart one method of conducting the 
operation. 

Heferriug to the drawing, normal 
65 btitane fresli feed along with the recycled 



normal butane obtained as hereinafter set 
forth is introduced through line 1 into de- 
hydrogenation zone 2 wherein it is con- 
tacted with a dehydrogenation catalyst 
comprising alumina and chromia at a tern- 70 
perature within the range 6i about 565 
to about G75** C. under an absolute pres- 
sure of 0.05 to about 0.5 atmospheres. The 
charge rate through the reaction zone will 
be dependent to a certain extent upon the 75 
temperature and pressure diiosen hut will 
ordinarily be within the range of space 
velocities of about 200 to about 1000 
volumes of gas per volimie of catalyst per 
hour. The actual conditions are selected 80 
from these ranges to produce a yield, of 
butadiene of about 10 to 30 volume per- 
cent of the butane charged. The reaction 
products comprising* unconverted normal 
butane, batadiene and butylene, hydrogen 85 
and a small portion of decomposition pro- 
ducts such as methane, ethane, ethylene, 
propane and propylene leave dehydrogen- 
ation zone 2 through line 3 and are 
directed through line 3 into separation 00 
zone 4 wherein the light gases, butadiene 
and butylenes are separated from the un- 
converted normal butane. The uncon- 
verted normal butane is recycled through 
line 10 into line 1 as hereinbefore set 95 
forth. ^ The butadiene, along with 
butadiene formed in dehydrogenation zone 
6 as hereinafter set forth, is withdrawn 
from the separation zone through line 9, 
cooled and collected in anv manner well 
known to those skilled in the art. 

Separation zone 4 inay comprise any of 
the well known means 'for separating 
hydrowirbon mixtures into the individual ' 
O4 hydrocarbons such as, for example, 105 
precise fractional distillation, solvent ex- 
traction and azeotropic distillation with 
azeotrope-forming materials such as fur- 
fural. The separated butylenes are 
directed from separation zone 4 through 110 
lines 5 into a second dehydrogenation zone 
G wherein a substantial portion of the nor- 
anal butylene is converted into butadiene. 

The operating conditions employed in 
dehydrogenation zone (6 are dependent to 115 
a considerable extent upon the type of 
catalyst being used in said zone, \\'hen a 
composite comprising a major proportion 
of magnesia and minor proportions of iron 
oxide, copper oxide and potassium oxide, 120 
or a composite of alumina with boria and 
potassium oxide is emploved, *5uperheated 
steam is introduced into tJie reaction zone 
to give a total pressure of about 0.25 to 3.5 
atn^ospheres above atmospheric pressure 125 
while maintaining the parkal pressure of 
the normal butylene at about 0.05 to about 
0.5 atmospheres absolute. The tempera- 
ture utiKzed in dehydrogenation zone 6 is 
dependent somewhat upon the catalyst but 130 
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is ordinarily wiiLin tke range of about 665 
to 675* C. at a space velocity measured as 
volumes of gas per volume of catalyst per 
iiour of about 200 to about 2000. The 
5 yield of butadiene per pass is maintained 
within the range of about 15 to 30 percent 
based on the butylenes charged. 

During' the dehydrogenation reaction in 
zones 2 and 6, some isomerization occurs 

10 producing^ iso^^ hydrocarbons. Since 
butadiene cannot be produced from the 
iso-C4 hydrocarbons because of their 
molecular stmcture, it is advantageous to 
remove these isomers from the systein to 

15 prevent their build-up in the streams 
being- charged to the dehydrogenation 
catalyst. These isomeric by-products are 
removed from the separation zone through 
line 8 and are cooled and condensed and 

20 recovered as a product of the reaction. The 
reaction products from dehydrogenation 
zone 6 are directed through line 7 into 
separation zone 4 wherein the desired C4 
fractions are removed therefrom, 

25 In case the original charging* stock con- 
tains olefins in any substantial 
quantity, this charge may be introduced 
to line 11 and therefrom into line 3 
through which it is directed into the separ- 

30 ation zone 4, wherein the necessary separ- 
ation of olefins and paraffins is eifected, 
or alternatively, although not shown in 
the drawing, the charging stock may be 
introduced directly into the separation 

36 zone. The reaction in either dehydrogen- 
ation zone may be conducted in either the 
fluid, fixed' or moving catalyst bed type 
of operation. When employing- a fixed 
bed type of operation, the catalyst may be 
40 disposed in externally heated tubular ele- 
ments connected in series or parallel. The 
external heating may be accomplished by 
indirect heat exchange by hot combustion 

Tablib. 
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Stage - - - - - 
Absolute pressure, mm. Hg. 
Catalyst temperature, * C. 
Conversion *Mol. % per pass 



gas or other heat-carrying media such as 
for example, molten salts or superheated 46 
steam. 

During the dehydrogenation reaction, 
considerable amounts of carbonaceous 
materials are laid down upon the catalyst 
and after the catalyst has been used for 60 
some time it is necessary to remove these 
carbonaceous deposits to restore the cata- 
lyst activity. These carbonaceous mate- 
rials are ordinarily removed by introduc- 
ing a heated stream of air or air diluted 66 
with combxistion gases to bum off the car- 
" bonaceous deposit. Althoug^h the descrip- 
tion of the drawing has been concerned 
with only two dehydrogenation zones it 
is, of course, obvious that for more truly 60 
continuous operation, it is necessary to em- 
ploy at least two reactors for each de- 
hydrogenation operation so that the cata- 
lyst in one reactor inay be regenerated by 
oxidation while the other is being 65 
processed. 

The following examples give compara- 
tive results obtained when employing: a 
conventional two-stagre operation wherein 
butane is partially converted to butylene 70 
in the first stage and the reaction products 
from the first stage are charged to the 
second stage to produce butadiene, and a 
process in accordance with the present in- 
vention wherein butane is converted to 76 
butadiene and butylene in the first stage 
and the butylene thus formed is subse- 
quently converted to l>utadiene in the 
second stage. It is obvious from a study 
of the data given below that the process as 80 
Ijracticed in accordance wilh the present 
invention is considerably improved over 
that of the prior art as to the actual yield 
of butadiene by weight of the butane 
charged. 86 



Example I 
Conventional 
Operation 
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Improved - 
Operation 
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Charge: Mol. % 

CjHs ^ - - - - 

CH ------ 

Product,' C^'s, Mols./lOO mol. feed 
to stage 

C,H« 0.0 20.4 15.0 22.5 

CMs 33.0 30.0 41.0 63.0 

C,H,o 33-0 40,0 29.0 7.0 

Overall Efiiciencv - - - - 45.0 63.8 
♦Defined here as inols. C^Hs — C^^i^i decomposed per 100 mols. O^H^ — 
C^Hio feed to each stage. 

**Defined as volumes of feed at standard pressure and temperature 
conditions per volume of catalyst space per hour. 
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It is to be noted that Ihe actual yield 
of butadiene in the improved operation is 
about 18.8% greater. Tbe percent in- 
crease in tlie yield is about 41.8%\ 
5 Having" now particularly described aud 
ascertained the nature of our said inven- 
tion and in what manner the saine is to 
be performed, we declare that what we 
claim is: — 

10 1. A pi-or;ess for the production ^ of 
bxitadiene which comprises introducing 
normal butane into a first reaction zone 
ijiid therein t atalytically dehydrogenating 
only a portion of said normal butane to 
15 normal butylene and butadiene, the yield 
of butadiene being from about 10 to about 
3(1 volume percent of the normal butane 
charged, separating the normal butylene 
from the resultant products, introducing 

20 tJie thus separated normal buiylene into a 
second reaction zone and therein catalytic- 
ally dehydrogenating normal butylene to 
bxitadiene, and recovering . butadiene 
formed in said first and second reaction 

25 zones. 

2. Process as claimed in claim 1 fur- 
ther characterized in that normal butane 
is dehydrogenated into norinal butylene 
and butadiene in the first reaction zone at 

30 a temperature of fram about 565 to about 
675" C, an absolute pressure of E'om 
abont 0.05 to about 0.5 atmospheres, and a 
gaseous hourly space velocity of from 
about 200 to about 1000, and the normal 

35 butylene is dehydrogenated in the second 
reaction s^one at a temperature of from 
about 565 to about 675° O., an absolute 
pressure of from about 0.05 to about 0.5 
fitmospheres. and a gaseous hourly space 

40 velocity of from about 200 to about 2000. 

3. Process as claimed in claim 1 or 2, 
further characterized in that the yield of 
butadiene in the second reaction zone is 
maintained at from about 15 to about 30 

45 percent of the butylene charged lo said 
zone. 

4. Process as claimed in any of the 
claims 1 to 3, further characterized in that 
the reaction products obtained in the first 

50 reaction zone and comprising normal 
butylene, butadiene, and unconverted nor- 
mal butane, are supplied to a separation 
zone, a butadiene fraclaon, a normal 
butane fraction and a normal bul^^Iend 



fraction are sei^arated in said separation 56 
zone, said normal butylene fraction is in- 
troduced to the second reaction zone, re- 
action products obtained in said second 
reaction zone and comprising butadiene, a 
minor amount of normal butane formed in gQ 
the second dehydrogenation step, and un- 
converted normal butylene are introduced 
into said separation zone, the normal 
butane fraction obtained in said separa- 
tion zone is. recycled to the first reaction 55 
zoUe, and said butadiene fi*action is re- 
covered. 

6. Process as claimed in any of the 
claims 1 to 4, further characterized in that 
a butane-butylene charging stock, the 70 
butadiene-containiniv . dehydrogenation 
product from the first reaction zone, and 
the butadiene-containing dehydrogenation 
product from the second reaction zone are 
introduced into a separation. zone, a nor- 75 
jual* butane fraction, a normal butylene 
fraction, and a butadiene fraction are 
separated from said charging stoct and 
dehydrogenation products in said separa- 
tion zone, said normal butane fraction is 30 
fiuj>plied to the first dehydrogenation re- 
action zone, said normal butylene fraction , 
is introduced into the second dehydrogen- 
ation reaction zone, and said butadiene 
fraction is recovered as the principal pro- 35 
duct of the process. 

6. Process as clainaed in any of the 
claims 1 to 5, wherein the dehydrogena- 
tion of normal butane into normal buty- 
lene and butadiene in the first reaction 9Q 
zone is effected in the presence of a cata- 
lyst comprising alumina and chromia and 
the dehydrogenation of normal butylene 

in the second reaction zone is effected in 
the presence of stiperheated steam and u 95 
catalyst compiising a major proportion of 
magnesia and minor i>roportions of iron 
oxide, copper oxide and potassium oxide. 

7, The process for the productitm of 
butadiene substantially as hereinbefore de- jqq 
scribed with reference to the attached 
drawing. 



Duted this 19th day of August, 
J. T. & G. W. JOHNSON, 
47, Lincoln's Inn Tields, 

London, W.0.2, 
Chartei*ed Patent Agents. 
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